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Many investigators have recorded experiments designed to show the partici- 
pation of one cell or another in antibody formation, and the experimental evi- 
dence for each has recently been reviewed by McMaster (1) and by Good (2). 
However, due to the sparcity of cellular reaction incited by a single injection of 
antigen, a  lack of cytologic description and information exists concerning the 
origin and mechanism of differentiation of antibody forming cells following an 
initial  a~tigenic  stimulus. 
In this regard, McNeil (3, 4) has examined the changes in proximal lymph nodes of 
rabbits induced  by single and multiple subcutaneous injections of bovine serum al- 
bumin. Primary stimuli apparently caused a  hyperplasia of lymphobiasts, lympho- 
cytes, and plasma cells,  while multiple stimuli resulted in  the appearance of giant 
cells. The latter were postulated by McNeil to be due to a  stimulation of reticular 
cell elements of the medullary portion of the lymph nodes.  Using the same antigen, 
Makinodan and Wolfe  (5, 6),  examined the spleens of chickens  at various intervals 
after a single injection,  and considered  the cells important in antibody formation to 
be derived from the plasma cell lineage.  Blast forms predominated 2 days after the 
administration of the antigen, with definitive  plasma cells appearing on the 4th day, 
2 days prior to the presence of circulating antibody. 
Coons and associates,  utilizing  a  fluorescein labelling  technique  (7-10), examined 
both the primary and the hyperimmune response in several rabbit tissues.  After the 
subcutaneous introduction of soluble  diphtheria  toxoid,  changes  were  observed pri- 
marily in the medullary areas of regional lymph nodes. Differentiation toward plasma 
cells was observed. A second  stimulus increased  markedly the number of cells con- 
taining demonstrable intracellular antibody. In the spleens  of hyperimmune rabbits 
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antibody was concentrated in the red pulp,  both in scattered cells and those sur- 
rounding the follicles. Occasionally,  antibody was seen in the central follicular  cells. 
Similar  localization studies revealed the presence of intracellular  antigen in  the 
medullary cord cells of lymph nodes,  the central two-thirds of the splenic  follicles, 
the mantle layer of cells around the follicles and in macrophages and reticulo-endo- 
thelial cells of the red pulp of the spleen, as well as in several other tissues.  The thy- 
mus was essentially free of demonstrable antigen. The precise relationship between 
the cells that contain intracellular antigen and  those cells possessing  demonstrable 
antibody in their cytoplasm is unknown. Some of the cells that originally take up the 
antigen may also form antibody without morphologic differentiation.  On the other 
hand, they may transfer the antigen, changed or unchanged, to another cell which in 
turn synthesizes antibody, or these cells after antigen uptake may simply differenti- 
ate toward definitive  antibody-producing cells. Whatever the mechanism(s) may be, 
Coons et al.  (7) and Fitch et al.  (11) emphasize that the ability to phagocytize anti- 
gen is not necessarily an indicator of ability to synthesize antibody. 
Recently, a definitive  study of the sequential histologic changes in rat spleens after 
the administration of two particulate antigens, sheep red blood cells and intact, killed 
Sabrwnella typhosa organisms, has been presented by Wissler, Fitch, LaVia, and Gun- 
derson (12). A proliferation and differentiation of cells confined almost exclusively  to 
the red pulp was correlated by them with antibody production. The cell crucial to 
this sequence apparently arose from a primitive fixed reticular cell which transformed 
by active mitosis to a large, pyroninophllic cell. The acquisition of this staining prop- 
erty for ribonucleic  acid,  associated with active protein synthesis, was taken as cri- 
terion  of  antibody synthesis.  Mter  several days,  this  large  antibody-forming cell 
apparently shed its cytoplasm as antibody and was transformed into a small mature 
lymphocyte, or it retained its cytoplasm and eventually became a plasma cell. It was 
felt by these investigators that the pyroninophilic cells were the site of initial syn- 
thesis of antibody; whereas,  the plasma cells were believed  to arise only after pro- 
longed  antigenic stimulation. Furthermore, they considered  the cellular  changes as- 
sociated with antibody production to be confined to the red pulp and believed that 
the changes in the white pulp were due to transitory endotoxic phenomena. 
Previous papers in this series  (13-15),  have indicated  that the potent adjuvant 
action of bacterial endotoxins is probably confined to an early step in the sequence of 
events leading to the primary antibody response to purified  protein antigens in the 
rabbit.  Thus,  it was found that endotoxin given prior to antigenic administration 
failed to enhance antibody formation as measured by either the rate of antigen elim- 
ination or the level of subsequent precipitin titers. Although the adjuvant action was 
apparent when endotoxin was given up to 2 to 3 days after antigen, the highest anti- 
body levels were achieved when this lipopolysaccharide was administered simultane- 
ously with antigen.  Furthermore, this adjuvant was found capable of inciting anti- 
body formation in both x-irradiated and cortisone-treated rabbits, inhibitory processes 
which probably are exerted on an early step following antigenic stimulation. 
To determine whether the postulated early action of the endotoxin adjuvant 
would be reflected at the cellular level, and to determine what cells functional 
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tive histologic study of the cellular reaction occurring following a  single intra- 
venous injection of a  soluble protein antigen alone, and in combination with 
endotoxin, was undertaken. The data indicate that under these conditions, the 
predominant histologic changes associated with antibody formation are confined 
to the follicular centers of the splenic white pulp. 
Materials and Methods 
White, male New Zealand rabbits, 6 months old, weighing 2 to 3 kg. were used. The anti- 
gen employed was purified bovine gamma globulin, fraction II, Armour and  Co.  It was 
diluted to a concentration of 10 mg./ml, in phosphate buffered  saline, pit 7.2, and a  1 ml. 
volume injected intravenously into a  marginal vein of the ear. The endotoxin was derived 
from Escherichia coU, strain O:111 B4, by the Boivin procedure and kindly furnished by Mr. 
A. E. Banner, Difco,  Co., Detroit. It was diluted similarly to concentrations permitting the 
in~ection of a constant total volume of 1 ml. of the various products. 
Plan  o] Experiment.--Four  groups of rabbits comprised the experiment. The products 
they received  and the group designation are as follows: Group A, 5 #g. endotoxin; Group B, 
10 rag. bovine gamma globulin; Group C, control group, no injections; Group D, 10 mg. bovine 
gamma globulin together with 5/zg. endotoxin. 
Following intravenous injection of the  appropriate product,  animals were  sacrificed  in 
lots of three by the intravenous injection of air or by cardiac exsanguination at 8 hours, and 
after 1, 2, 4, 6, 8, 12, and 18 days. Spleens were obtained, weighed, cut, and placed into Car- 
noy's solution and 10 per cent neutral formalin fixatives.  Thymic, hepatic, and periportal 
lymphnodai tissues were also removed and processed.  After fixation for 24 hours, specimens 
were placed in 70 per cent ethyl alcohol and subsequently carried through standard alcoholic 
dehydrations. The tissues were then embedded in paraffin and sections 3 to 5 microns thick 
cut by a  sliding microtome. Standard hematoxylin and eosin stain and a  modified  Unna- 
Pappenheim stain for DNA and RNA as described by Fitch et al.  (11), were used on both 
Carnoy- and formalin-fixed tissues.  The latter stain was prepared and used as follows: 0.25 
gin. pyrouin y  and 0.75 gin. methyl green were  dissolved  in a  phosphate buffer (52.5 ml. 
,~/5  NaffIPO4  with 47.5  ml. M/10 citric acid)  to which was added 0.5  mi. of 0.5 per cent 
phenol solution and 2.5 mi. of 1 per cent resorcin solution. After the tissues were deparaffi- 
nized, they were stained with this agent for 8/~ minute, differentiated briefly  in water, quickly 
dehydrated in acetone, cleared with xylene, and mounted. Other stains employed initially 
were PAS-Alcian blue, ninhydrin-Schiff, and azure-eosin. These were discontinued inasmuch 
as they failed to contribute additional information. 
Antibody determinations were  made  on hcat-inactivated and  adsorbed  sera according 
to the hemagglutination technique described by Landy eta/.  (16).  All sera were  obtained 
immediately prior to sacrifice. The standard agglutination reaction employing a  suspension 
of Escherickia coli O: 111 B4, standardized to a billion cells/ml, was used to determine any 
antibody elicited by the endotoxin. To serial twofold  dilutions of serum in a  volume of 0.5 
ml., an equal volume of the bacterial suspension was added. The tests were read following 
an 18 hour incubation at 37°C. All sera were tested at the same time. 
RESULTS 
Antibody Titrations 
Hemagglutlnln titers of animals that received bovine gamma globulin (BGG) 
with or without endotoxin are given in Table I. Circulating antibody could not 
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this time interval extended to the 8th day in rabbits receiving only the antigen. 
The potentiating effect of endotoxin on anti-BGG titers is readily apparent and 
antibody levels were at their peak on the 8th and 12th day.  However, it is of 
interest that they did not persist but had fallen considerably by the 18th day. 
TABLE I 
Comparative Antibody  Titers of Endotoxin and Non-Endotoxin-Treated  RabMts 
Rabbit No. 
4 
5 
6 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
Days following injection 
12 
18 
Reciprocal of hemaggintination titer 
B GG alone 
(Group B) 
u 
m 
2O 
10 
1,280 
320 
640 
2,560 
1,280 
2,560 
160 
640 
BGG + endotoxin 
(Group D) 
80 
20 
80 
320 
160 
160 
10,240 
10,240 
2,560 
5,120 
10,240 
10,240 
1,280 
1,280 
5,120 
--, indicates titer of less than 1:10. 
The highest  titers in the non-endotoxin-treated group appeared on the  12th 
day, reaching only a level of approximately one-fifth that observed in endotoxin 
stimulated rabbits. 
Sera tested for antibody to the endotoxin showed significant agglutination 
(titer of 1:20)  in only one rabbit.  Thus,  it was apparent that the endotoxin 
used in this study was not antigenic in the doses employed. The observed mor- 
phologic changes therefore do not reflect antibody formation to the endotoxin. P.  A.  WARD,  A.  G.  JOHNSON,  AND  M.  R.  ABFLL  467 
ttistologic Changes 
Predominant morphologic changes in these experiments were confined to the 
spleen; changes in the other tissues examined were not prominent or consistent. 
Only the features of tissues stained by hematoxylin and eosin and by Unna- 
Pappenheim methods are described inasmuch as no additional information was 
conveyed by the other stains which were employed. Splenic weights were not 
significantly altered during the course of antibody production in any of the 
groups. 
Group C (Normal).--The spleens of control animals possessed well defined 
branching masses and sheaths of white pulp in which the lymphocytic nodules 
(follicles) stood out prominently. These usually consisted of three distinct cellu- 
lar zones; a central reticular area (germinal center, secondary nodule), a mantle 
zone, and a peripheral or marginal zone (Figs. 1, 5, 9). The central reticular 
areas with  their varied  cell  content,  were  sharply defined and very lightly 
stained. Only a few scattered division figures were present and there was very 
little phagocytized material. Occasional large reticular cells contained pyronine- 
positive material. The mantle layers were formed by small mature lymphocytic 
cells and were deeply stained. The marginal layers were composed of larger uni- 
form cells  with more cytoplasm than the cells  of the mantle layer and thus 
stained lighter but not as light as the central areas. They possessed very fine 
granules of pyroninophilic material. A few plasma cells  and pyronine-positive 
reticular cells were scattered throughout the red pulp. 
Group A (Endotoxin, 5/~g.).--Animals sacrificed 8 hours after the injection of 
endotoxin exhibited acute congestion of all viscera,  especially the liver and 
spleen. The white pulp of the spleen was reduced in amount and the lymphocytic 
nodules were reduced in size. Many of the lymphocytes in these nodules had a 
smudged appearance suggestive of a cytotoxic damage. 
After 24 hours there was still acute congestion of liver and spleen. The littoral 
cells of the splenic pulp were prominent, indicative of some reactive hyperplasia, 
and a few contained deposits of hemosiderin. Occasional fibrinoid deposits, "fi- 
brin thrombi," were present in the sinusoids. Increased numbers of polymorpho- 
nuclear cells in the sinusoids suggested the phenomenon of adherence or sticking 
to the endothelium. The white pulp was reduced in amount and the lymphocytic 
follicles were much smaller than in the normal controls (Figs. 2, 6). The central 
reticular areas which were clearly defined in the control animals (Figs. 1,  5) 
could not be identified or were small and ill defined (Fig. 6). These areas ap- 
peared to be replaced by small mature lymphocytic cells continuous with those 
of the mantle layer. The marginal zones were markedly reduced in width, ill- 
defined, and often partially deficient. There was no obvious necrosis of follicles. 
After 48 hours the splenic red pulp was only minimally congested. The cen- 
tral reticular areas and the marginal zones were still small and ill defined (Fig. 
2). There was no increase in recognizable plasma cells in either the white or red 
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The tissues from animals sacrificed 4, 6, 8, 12, and 18 days after the injection 
of endotoxin were essentially similar to those of the control animals. There was 
no detectable hyperplasia of the white or red pulp. Of considerable importance 
was the fact that at no time in this group were the central reticular areas in- 
creased in relative or absolute size, and there was no increase in numbers of di- 
vision figures or pyronine-positive cells. 
Group B  (Bovine Gamma Globulin, 10 Mg.).--The histologic features of tis- 
sues examined 8 hours, 24 hours, 2, 4, and 6 days after the injection of antigen 
were essentially the same as those of the control animals (group C). There was 
no increase of division figures or pyroninophilic material in either the white or 
red pulp during this time. After a lapse of 8 days, a definite alteration in struc- 
ture of the lymphocytic follicles of the spleen was noted although there was only 
a minimal increase in over-all size. The reticular centers were larger and there 
were increased numbers  of mitotic figures  (approximately 5  per high power 
field). At the same time there was a reduction in the size of the mantle layer of 
lymphocytes. Large reticular cells were now readily apparent in  the central 
areas and these possessed bands of pyroninophilic cytoplasm mostly polar in 
location. They will be referred to as "modified reticular cells." Throughout the 
red pulp there were small clusters of cells which were similar to the modified 
reticular cells of the central areas. There was no increase in numbers of recog- 
nizable plasma cells. 
The amount of splenic white pulp was greatly increased and the lymphocytic 
follicles were much larger and more numerous after an interval of 12 days when 
compared with those from this group examined 8 days after antigen injection 
(Figs. 3, 7). This enlargement involved exclusively the central reticular areas 
with a striking relative and also, probably an absolute decrease in elements of 
the mantle layer. Mitotic figures in the reticular area were present now in maxi- 
mal numbers (approximately 10 per high power field). Modified reticular cells 
with increased amounts of pyroninophilic material predominated. A few foci of 
similar cells were again noted throughout the red pulp. 
The spleens of animals sacrificed on the 18th day of this experiment deviated 
only slightly from those of the control animals. Lymphocytic follicles were pres- 
ent in approximately normal numbers and were of normal size. The central 
reticular areas were decreased markedly in size as compared with those of ani- 
mals of this group examined on the 12th day and were only minimally enlarged 
over the control material. The mantle and marginal layers of cells were essen- 
tially normal in width and the mantle layer appeared to have partially replaced 
the area previously occupied by the proliferated reticular cells. A few modified 
reticular cells were observed in the reticular centers but none could be definitely 
identified in the red pulp. Division figures in the reticular centers were approxi- 
mately as frequent as in the control animals and not as numerous as in spleens 
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Group D  (Bovine Gamma Globulin 10 Mg. and Endotoxin 5  #g.).--Changes 
which were observed in tissues of animals of group A and attributed to the endo- 
toxin were noted in the animals of this group again only when examined 8, 24, 
and 48  hours  after  injection of  the  antigen  and  adjuvant.  Some  of  these 
changes seemed somewhat more intense, and a  few small areas of necrosis or 
infarction were present in the splenic pulp. 
The lymphocytic follicles of the spleen after 4 days were minimally enlarged, 
but there was a definite change in the proportions of the various components. 
Central reticular areas were obviously increased in diameter and the surround- 
ing  lymphocytic layers reduced in  width.  Mitotic  figures were increased  in 
numbers above normal in the central reticular areas (approximately 5 per high 
power field) and a few modified reticular cells were readily visible. The splenic 
red pulp presented a more cellular appearance than that observed in the animals 
sacrificed earlier. The latter may have been due in part to subsiding congestion 
rather than solely to a true hyperplasia, as mitotic figures were not definitely 
increased in the red pulp over the numbers noted in the control animals. 
The splenic changes in animals sacrificed on the 6th day corresponded with 
those observed in animals of group B  which were maximal on the  12th day. 
The striking alteration was the marked hyperplasia of the central reticular cells 
of the white pulp with a marked increase in number of modified reticular cells. 
Except for scattered foci of similar cells there was no remarkable change in the 
red pulp. 
Maximal histologic changes in the spleens were observed on the 8th day after 
injection of antigen and endotoxin. The amount of white pulp was greatly in- 
creased (Fig. 4). The lymphocytic follicles were markedly enlarged being at least 
5 times larger than those of the control animals (group C), and their numbers 
were increased (Figs. 4, 8). These increases in size and numbers were due to 
hyperplasia of the central reticular cells and were coincident with the presence 
of many modified reticular cells (Fig.  10).  The mantle layers of lymphocytes 
were very narrow, often being reduced to two or three cells in thickness. This 
appeared to be both a relative and an absolute decrease. Mitotic figures in the 
central reticular areas numbered 15 to 20 per high power field (Fig.  10).  The 
changes in the white pulp of these animals on this 8th day, while similar, were 
much more striking than those observed in any of the animals receiving antigen 
alone. Alterations in structure of the red pulp were similar to and of the same 
magnitude as those observed in animals sacrificed on the 6th day. 
On the 12th day the follicles were still enlarged with continuation of central 
follicular activity (modified reticular cells being the predominant component 
of the follicles) and there were approximately 5 to 10 mitotic figures per high 
power field in these areas. By the 18th day the follicles were reduced in size and 
were only slightly larger than those of the normal control animals. The modified 
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but the numbers were markedly reduced when compared with animals in this 
group sacrificed on the 8th and the 12th day. By the 18th day the mantle zones 
of the follicles were considered to be of normal thickness and were comprised 
of mature lymphocytes. 
DISCUSSION 
The most important cell type to be implicated in the primary antibody re- 
sponse of the rabbit to a purified protein antigen under our experimental condi- 
tions appeared to arise from differentiation of the reticular cell of the splenic 
follicle.  The process of differentiation, while distinct, was not striking in that 
the over-all morphologic changes were relatively minor. The resulting new cell 
type, if it can be called such,  t may possibly represent a large blast cell of the 
lymphoctyic series, but will be termed a  "modified reticular cell." The observ- 
able changes consisted of the acquisition of a  pyroninophflic cytoplasm, gen- 
erally polar  in  position,  while  the  nucleus remained  essentially unchanged. 
Although the process of differentiation into this modified cell and the explosive 
mitotic activity were closely related in time, it was difficult to determine defi- 
nitely whether the former preceded or followed the latter. Neither plasma cells 
nor significant involvement of the red pulp was noted in these studies. Although 
extra splenic sites may be important in antibody formation in the rabbit under 
different conditions, the only significant and consistent morphologic changes 
associated with the synthesis of this protein in the different tissues examined 
were found in the spleen. 
Four phases in the primary antibody response were discernible on the basis 
of the histologic evidence: (a) induction phase, (b) initiation phase, (c) accelera- 
tion phase, and (d) reduction phase. The induction phase (lasting from the time 
following antigen injection to the 4th day in endotoxin-stimulated animals and 
the 8th day in rabbits given only the antigen) was characterized by a total lack 
of definitive histologic changes. This finding, when coupled with the fact that 
no significant antibody was detectable by the sensitive hemagglutination tech- 
nique indicated that actual synthesis of antibody is probably not occurring 
during this time. This is further substantiated by the finding of Taliaferro et al. 
(18)  that  when  intracellular events  are  favorable,  synthesis of antibody is 
rapid, occurring in 40 minutes or less. Transition into the initiation phase was 
marked by the sudden onset of mitotic activity, essentially confined to the follic- 
ular center, along with the process of differentiation into the modified reticular 
cell  as previously described.  Circulating antibody first became detectable at 
this time. Maximum mitotic activity and differentiation characterized the third 
phase, or the period of acceleration, with the follicles tremendously enlarged over 
those of controls. Circulating hemagglutinin titers were also at their peak. Fi- 
1 The association of a large blast cell with antigenic stimuli has beon previously desc~bed 
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nally, the phase of reduction was marked by the loss of mitotic activity, disap- 
pearance of modified reticular cells without evidence of cellular  destruction, 
and return of the follicles to approximately normal size. This sequence of events 
was complete by the 18th day in rabbits receiving only antigen; whereas, the 
group which also received endotoxin stimulus showed signs of reduction begin- 
ning on the 12th day. Although activity was still detectable by the 18th day, 
it had decreased considerably. 
Endotoxin potentiated all  phases  of antibody production.  The  induction 
period was  shortened by approximately 4  days, while mitotic activity, and 
numbers of the pyroninophilic  modified reticular cell were greatly increased. 
Antibody titers were considerably  enhanced,  and the total response was pro- 
longed by at least several days. The points to be emphasized are: (a) this se- 
quence of readily discernible events was completely absent in rabbits receiving 
only the endotoxin, and (b) no new cellular types were incited by the endotoxin. 
Rather, a profound augmentation  of events observed on a much smaller order  of 
magnitude following a single injection  of BGG alone appears to account for the 
higher levels of antibody incited by this adjuvant. 
Plasma cells did not arise during this process and if morphologic evidence 
can be taken as indicative,  it is apparent that on the cellular level the main 
characteristic of the adjuvant action of endotoxin is not to confer "secondary 
like" properties  to the initial antigenic stimulus.  Very high levels of antibody 
corresponding to the order of magnitude seen during a secondary response were 
elicited  as routine by the endotoxin,  with no evidence of the appearance of 
plasma cells. On the other hand, the striking increase in the number of modified 
reticular cells was unequivocal, and correlated closely with circulating antibody 
titers. It is not meant to infer that plasma cells are not associated with antibody 
production; there is ample evidence in the literature supporting this contention 
(2). However, it may be that the latter cell type arises only following secondary 
or intense antigenic stimulation. An attempt to resolve this question by histo- 
logic study of the secondary response is underway in these laboratories,  as well 
as studies designed to determine what compensatory cells are elicited by endo- 
toxin in x-irradiated and cortisone-treated rabbits. 
Although emphasis was placed by Coons et al. on the predominant finding of 
antibody in plasma cells in the red pulp of the rabbit spleen, these investigators 
were also able  to show some localization  of antibody in the central reticular 
area of the splenic follicles. These results however, were exhibited in tissues of 
rabbits receiving multiple injections  of antigen, and thus characterize  the hy- 
perimmune response. Direct evidence to support our hypothesis that the pre- 
dominant antibody-forming areas during the primary response are confined to 
the white pulp will be attempted with similar localization  studies. 
From these observations and those previously presented from our laboratory, 
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protein antigen is taken up directly by the reticular cells of the splenic follicle 
and by those scattered throughout the red pulp, as well as by several other cell 
types not assodated with antibody production. Following an induction period, 
during which time significant  morphologic  changes are not seen, an explosive 
mitotic activity occurs in the reticular cells of the follicles, concomitantly with 
a  differentiation into modified  reticular cells, the definitive antibody-forming 
cells of the primary response.  When these changes  are noted, antibody first 
makes its appearance in the circulating blood. These events reach a maximum 
in a matter of 2 to 4 days and it is at this time that maximal  circulating titers 
are measured. Mitotic activity then subsides, and the modified  reticular cells 
temporarily continue to produce antibody. After a period of several more days 
these cells disappear and are replaced by the normal medium-sized lymphocytes 
of the follicles. There is reason to suspect that this step is a direct transforma- 
tion. When this process subsides, little evidence remains to suggest that anti- 
body synthesis has occurred, and the follicles are once again quiescent. During 
the whole process modified reticular cells are seen in the red pulp, but never in 
great numbers  or concentration,  and  significantly  increased mitotic activity 
in this area is not evident at any time. 
An attempt to integrate the findings of this investigation with those morpho- 
logic studies on antibody formation in the literature entails many considera- 
tions.  With respect to the study of the primary response reported by Wissler, 
Fitch, LaVia, and Gunderson (12), the species differences, as well as the physi- 
cal and chemical make-up of the antigens must be assessed. In their studies of 
the rat spleen, these investigators observed changes following primary stimula- 
tion which were confined almost exclusively to the red pulp, whereas in our ex- 
periments the changes in the rabbit spleen were confined predominately to the 
follicular areas (white pulp). However, Wissler et al., employed sheep red blood 
cells in combination with dead, intact Salmonella typhosa organisms as antigen. 
The general physical make-up of each of these 2 antigenic composites for which 
antibody titers were measured was that of a particulate antigen, and this may 
account in part for the different morphologic findings. In addition, another sig- 
nificant  difference  in  experimental  conditions to  consider  is  the species  em- 
ployed. The rat spleen is the center of active extramedullary hematopoiesis, so 
that histologic  examination of control, normal  spleens  reveals a  considerable 
degree of hematopoietic activity. Consequently, qualitative changes attribut- 
able solely to a primary antigenic stimulus may be more difficult to discern. In 
contrast, there is little evidence of extramedullary hematopoiesis in the normal 
rabbit spleen. 
SUMMARY 
Histologic changes occurring  in the rabbit spleen during the primary response 
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with bacterial endotoxin have been described. The predominant morphologic 
changes associated with antibody formation in animals that received antigen 
alone were confined to the follicular areas of the spleen. Only minimal changes 
were seen in the red pulp. No new cellular types appeared following endotoxin 
stimulus. Rather, a profound augmentation of events observed following a single 
injection of bovine gamma globulin alone appears  to account for the higher 
levels of antibody incited by this adjuvant. The cell type important in antibody 
formation under  these  conditions appeared  to  be  a  modified reticular  cell. 
Plasma cells were not part of the cellular reaction. A hypothesis describing the 
primary antibody response is presented. 
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EXPLANATION  OF PLATES 
PI~TE 51 
FIG. i.  Group C. Section of spleen of normal control rabbit. Reticular centers are 
present in most of the lymphocytic nodules. Hematoxylin and eosin.  X  50. 
FIo. 2.  Group A. Section  of spleen of rabbit two days after the administration of 
5 pg. of endotoxin.  The lymphoid tissue (white  pulp) is reduced in amount and re- 
ticular centers cannot be detected in the lymphocytic nodules.  Hematoxylin and eo- 
sin.  X  50. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 109  PLATE  51 
(Ward el a/.: Bacterial endotoxins and antibody formation. III) PLATE 52 
FIG. 3.  Group B.  Section of spleen of rabbit sacrificed  12 days after the adminis- 
tration of  10 rag. of bovine gamma globulin. The lymphocytic or white pulp is very 
prominent owing to increased size and number of central reticular areas.  Hematox- 
ylin and eosin.  X 50. 
FIG. 4.  Group D. Section of spleen of rabbit sacrificed  8 days after the combined 
administration of 5 ~g. of endotoxin and 10 rag. of bovine gamma globulin. The retic- 
ular centers of the white pulp are very prominent and much larger than those of con- 
trol animals or those of animals that received  only bovine gamma globulin. Hema- 
toxylin and eosin. X  50. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  109  PLATE  52 
(Ward el al. : Bacterial endotoxins and antibody formation. III) PLATE 53 
FI6. 5.  Group C. Lymphocytic nodule from same spleen depicted in Fig.  1.  The 
reticular center is clearly visible and surrounded by a dark fairly well defined mantle 
zone. The marginal zone of paler cells is only partially visible. Hematoxylin and eo- 
sin. ×  265. 
FIG. 6.  Group A. A lymphocytic nodule from spleen shown  in Fig. 2.  No central 
reticular area can be defined, this area being replaced by hyperchromic lymphocytic 
cells. Hematoxylin and eosin.  X  265. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  109  PLATE  53 
(Ward el al.: Bacterial endotoxins and antibody formation. III) PLATE 54 
FIG. 7.  Group B.  A lymphocytic nodule from spleen of rabbit sacrificed 12  days 
after injection of bovine gamma globulin. There is marked hyperplasia of the reticu- 
lar center with an apparent narrowing of the mantle zone. Hematoxylin and eosin. 
X  265. 
FIG. 8.  Group D. A lymphocytic nodule from same spleen depicted in Fig. 4. The 
central reticular hyperplasia so enlarged the nodule that it could only be included in 
field by reducing magnification to approximately ~  that of Figs. 5, 6, and 7. Hema- 
toxylin and eosin. ×  140. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  109  PLATE  "54 
(Ward et al.: Bacterial endotoxins and antibody formation. III) PLATE 5.5 
Fro. 9.  Group C. A  central reticular area of spleen of a  control animal. There are 
scattered large modified reticular cells mixed with endothelial ceils and a few lympho- 
cytic cells. Division figures are infrequent. Hematoxylin and eosin.  X  620. 
FIG. 10.  Group  D.  A  central  reticular  area  of  spleen  depicted  in  Figs.  4  and  8. 
There is almost a  pure culture of modified reticular cells and division figures are fre- 
quent. Hematoxylin and eosin.  X  620. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  109  PLATE  55 
(Ward el al.: Bacterial endotoxins and antibody formation, llI) 